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we evaluated how each of these factors affects the direction and magnitude of thermal 1 1 6 mismatches-the differences between the historical mean temperature to which a host was 1 1 7 exposed and the temperature during peak Bd prevalence-on historical, global records of Bd 1 1 8 prevalence from 38,967 amphibians in 1,597 populations (Table S1 ). Bd is an ideal pathogen for 1 1 9 testing hypotheses about thermal mismatches and climate change because it is easy to test for, 1 2 0 well-monitored in a variety of locations worldwide, directly exposed to external air and water 1 2 1 temperature on its ectothermic hosts, and has been associated with hundreds of worldwide 1 2 2 amphibian declines (Skerratt et al. 2007) . Additionally, there has been significant disagreement Hero 2007). These issues can be addressed by the thermal mismatch hypothesis because it 1 2 6 predicts that the effects of temperature on Bd should be very host-specific, depending on the 1 2 7 temperatures to which a host is adapted. Using our assembled database on global Bd prevalence, we tested the following hypotheses. Overall, we hypothesized a negative relationship between historical mean temperatures in the 1 3 0 location of each population and the temperature during peak Bd prevalence because the thermal 1 3 1 mismatch hypothesis predicts that disease should peak when warm-adapted species are subjected 1 3 2 to cool conditions and vice versa. Second, we predicted that smaller host species might be less 1 3 3 sensitive to an interaction between Bd and thermal mismatches than larger host species because 1 3 4 smaller ectothermic host species should have lower thermal inertia and thus broader thermal 1 3 5 breadths than larger hosts (Rohr et al. 2018, Rohr et al. in press) , and the difference in their 1 3 6 acclimation rates to new temperatures relative to that of Bd should be smaller than the same 1 3 7 difference for larger hosts. Third, we predicted that tropical amphibian hosts should experience 1 3 8 greater susceptibility to Bd following variable temperatures because the thermal breadths of these 1 3 9
hosts should be narrower than those of temperate hosts as they typically experience less variation 1 4 0 in temperature (Rohr and Raffel 2010). Meanwhile, the thermal breadths of Bd strains are 1 4 1 typically much broader than those of hosts and do not vary much across latitude (Cohen et al. we predicted that infection risk under thermal mismatches would be higher for (a) terrestrial 1 4 9 species than aquatic species, (b) adults than larvae (which are more aquatic), and (c) Anurans 1 5 0 than Caudates (which are more fossorial). Finally, we predicted that susceptibility to Bd 1 5 1 following thermal mismatches would be associated with IUCN conservation status but did not 1 5 2 have an a priori direction for this prediction. Bd prevalence data 1 5 5
In July 2017, we searched Web of Science for the term Batrachochytrium dendrobatidis, 1 5 6 producing 1,215 total results. Of these, we extracted data from 336 papers that reported Bd 1 5 7 prevalence for at least one group of ≥ 5 amphibians of a given species at a specific location and 440 species surveyed across 501 unique geographic locations around the globe ( Fig. S3 ; Table   1 6 0 S1). For each population, we extracted information on binomial species name, the number of coordinates for host collection location directly from the paper. When not given in the paper, we 1 6 4 identified coordinates on Google Maps based on papers' descriptions, discarding records for 1 6 5 which descriptions were not specific enough to identify sites to at least 1/10 th of one degree. We We extracted monthly mean temperature and precipitation data from the Hadley Climate available at a resolution of 0.5°2 cells (approximately 50x50 km). Elevation for each species was 1 7 7 collected from Bioclim rasters (Fick and Hijmans 2017) using the same methods. If sampling 1 7 8 took place over the course of up to three consecutive months or less, and was not reported at the 1 7 9 monthly level, then we averaged climate data across the sampling months. We did not use data 1 8 0 collected over longer periods of time, because averaging climatic data across more than three 1 8 1 months would have been inappropriate to seasonal analysis. We obtained long-term mean the nomenclature to match the 2015 IUCN list (IUCN 2015) . Hereafter, we refer to these 50-year 1 8 5 mean temperature or precipitation values as the "historical mean temperature" or the "historical The thermal mismatch hypothesis predicts a negative relationship between historical 1 9 3 mean temperature and temperature during peak Bd prevalence. Our first goal was to determine 1 9 4 which temperatures were associated with peak Bd prevalence across different climates with 1 9 5 different historical mean temperatures. First, we divided amphibian populations into overlapping 1 9 6 bins, each comprising a range of 50-year mean environmental temperatures spanning 4°C (e.g., 1 9 7 long-term mean of 10-14°C, 11-15°C, 12-16°C, etc. until 26-30°C). Within each of these bins, Thus, we generated estimates of T opt of Bd prevalence across a "moving window" of climate 2 0 7 ranges. We did not fit a model to the output to confirm the linearity of the relationship between bins were not independent of one another. We used generalized, binomial mixed-effects linear models (lme4 package, Bates et al. 2014; lmer function) to test for three-way interactions between a thermal mismatch effect (see 2 1 2 below) and one of the following explanatory variables: life stage (adults or larvae), habitat type 2 1 3 (terrestrial or aquatic; we excluded other types for a more direct comparison), order (Anura or 2 1 4 Caudata only; we were unable to test order Apoda because of low sample size (n=6)), log-2 1 5 transformed mean elevation, absolute value of latitude, mean SVL, and IUCN classification 2 1 6 (represented by two categories, least concern or a category including all species designated 2 1 7 vulnerable, threatened, endangered, or extinct in the wild). Thermal mismatch effects were 2 1 8 defined as negative statistical interactions between long-term mean temperature and temperature 2 1 9 during the month(s) when Bd prevalence was tested at a given location. As we did not detect a 2 2 0 1 2 thermal mismatch effect among larva, we restricted the data to adult amphibians when testing for 2 2 1 effects of habitat type, order, elevation, latitude, body size, and IUCN status. To isolate the effects of a given independent variable, we controlled for potential 2 2 3 confounding variables as fixed effects. First, we controlled for latitude in models testing for Zamudio 2011). Second, while testing for the three-way interaction among temperature during 2 2 7 sampling, historical mean temperature, and latitude, we controlled for body size because body amphibians, but the model would not converge, likely because there were too few terrestrial 2 3 3 larvae in our dataset. All models included study as a random effect to control for unknown confounding effects 2 3 5 unique to a given sampling effort and/or potentially non-independent hosts. We wished to 2 3 6 include spatial and phylogenetic correlation structures as random effects in our model, but this is a parameter that exclusively defined the variance that can be modified by correlation structures. Still, we explored new methods to control for spatial structure of our data as a nested random 2 4 1 effect, and although we have reservations about the reliability of these methods due to their 2 4 2 novelty and the lack of available information about them, we report results of these models in the Supplement. To visualize our data, we created partial residual plots to isolate the effects of influence of spatial effects in our primary glmer models, we plotted the residuals of some of our 2 4 7 models in space (Fig. S4) . Finally, to support our hypothesis that hosts from higher elevations are 2 4 8 more susceptible to Bd following thermal mismatches than those from low elevations because 2 4 9 they are adapted to less temperature variability, we conducted a Flinger-Killeen test for 2 5 0 homogeneity of variances to test how the variance of mean temperature during sampling changed 2 5 1 with elevation in our dataset. For adult amphibians, our "moving window" approach revealed that there was a negative 2 5 4 relationship between T opt of Bd prevalence and the historical mean temperature of host 2 5 5 populations (Fig. 2) . For species from climates with historical mean temperatures between 10 2 5 6 and 17°C, Bd prevalence peaked when temperatures were between 20-21°C, and for species from 2 5 7 climates with historical temperatures between 21-28°C, Bd peaked between 13.5-15.5°C (Fig. 2) . In mixed-effects models, thermal mismatches, represented as negative interactions 2 5 9 between the historical mean temperature and temperature during peak Bd prevalence, 2 6 0 significantly predicted Bd prevalence in adults but were not related to Bd prevalence in larval 2 6 1 amphibians (historical mean temperature x temperature during peak prevalence x life stage:
=0.0106, p<0.0001; Table S2 ; Figs. 3a-b ). Further, amphibians considered "threatened" had 2 6 3
higher Bd prevalence associated with thermal mismatches than species that were designated as 2 6 4 "least concern" (historical mean temperature x temperature during peak prevalence x IUCN prevalence did not significantly depend on the habitat (terrestrial versus aquatic) of adult 2 7 0 amphibians (historical mean temperature x temperature during peak prevalence x habitat; 2 7 1 β =0.0101, p=0.163; Table S5 ; Fig. S5 ).
7 2
We found that the influence of thermal mismatches on Bd prevalence in adults depended Bd prevalence more for amphibian populations at higher than lower elevations (controlling for 2 7 5 1 5 latitude: historical mean temperature x temperature during peak prevalence x elevation; β =-2 7 6 0.0051, p<0.0001; Table S6 ; Figs. 4a-b ) and at lower than higher latitudes (when controlling for 2 7 7 body size: historical mean temperature x temperature during peak prevalence x latitude; 2 7 8 β =0.00042, p<0.0001; Table S7 ; Figs. 4c-d) . A Flinger-Killeen test for homogeneity of variances 2 7 9
confirmed that host species in our dataset did indeed experience greater temperature variability at 2 8 0 lower elevations, providing a possible explanation why higher-elevation hosts may be less In models with additional spatial controls, interactions between thermal mismatches and 2 8 6 host life stage, Order, and habitat remained unchanged (Tables S9-11 ). However, the interaction 2 8 7 between thermal mismatches and elevation was no longer significant following the inclusion of 2 8 8 spatial controls (Table S12 ). See Fig. S4 for plots of the model residuals in geographic space. Our results support our hypothesis that hosts have increased susceptibility to infectious 2 9 1 disease when experiencing unusual environmental temperatures and elucidate which hosts are 2 9 2 likely to experience increased disease risk with climate change. As we predicted, adult 2 9 3 amphibians, which are more often exposed to air temperature and thus experience greater effect of thermal mismatches on infection prevalence, likely because water temperatures are 2 9 7 more stable than air temperatures. However, adult amphibians experienced increased infection 2 9 8 prevalence following thermal mismatches regardless of whether they were primarily aquatic or 2 9 9 terrestrial, possibly because adults have more keratin on their skin and thus are more susceptible 3 0 0
to Bd in general. An influence of thermal mismatches on infection was only apparent in Anurans, temperature. Thus, groups of hosts that are typically directly exposed to air temperatures were 3 0 3 more likely to experience an effect of thermal mismatches on their disease prevalence than hosts 3 0 4 buffered from much of the variability in air temperature by either water or soil. Critically, we 3 0 5
found that the susceptibility of host species considered "threatened" by the IUCN increases more 3 0 6
following thermal mismatches than species of "least concern", suggesting that thermal might also independently increase their overall risk of extinction (e.g., lower genetic variability). In our analyses, hosts with larger body sizes had a significantly higher Bd risk than smaller 3 1 1 hosts following thermal mismatches, probably because they have relatively narrow thermal comparatively greater thermal sensitivities and slower recovery times than small organisms. Systems with more drastic differences between host and parasite body sizes might be more between their thermal breadths are exaggerated relative to systems with smaller hosts (Fig. 1 ).
2 2
As predicted, thermal mismatches impacted susceptibility to Bd among hosts from lower 3 2 3 latitudes to a greater extent than among hosts from higher latitudes, presumably because low- al. in press). In addition, we observed the reverse pattern for elevation; hosts experienced higher 3 2 6
Bd prevalence after thermal mismatches at high but not low elevations despite our reasoning that We expect that ectothermic hosts are most likely to be affected by a combination of thermal Our results suggest that the effects of thermal mismatches on host-parasite interactions 3 4 8 are more complex than previously thought and are highly dependent on host species, life stage, 3 4 9
and geographic location. In accordance with previous evidence suggesting that climate change 3 5 0
should have greater adverse effects on larger than smaller organisms, we found that larger hosts 3 5 1 might have increased susceptibility to infectious disease after experiencing unusual temperatures, 3 5 2 likely because of their often-narrower thermal breadths than both smaller hosts and parasites.
3 5 3
Furthermore, we found that hosts experience higher Bd prevalence following thermal 3 5 4 mismatches at lower than higher latitudes and at higher than lower elevations, likely because 3 5 5
hosts adapted to these areas are less accustomed to temperature variation. Although bacterial, conditions for hosts and contrast with previous suggestions that fungal diseases might be reduced 3 6 0 by climate change (Fisher et al. 2012) . Our results provide evidence that hosts adapted to cooler 3 6 1 environments will likely suffer increased parasitism as climate change increases the frequency of 3 6 2 relatively warm conditions, whereas hosts from warmer environments will experience less 3 6 3 parasitism because climate change is decreasing the number and length of cool periods. 
